Abstract
Introduction
A citation is defined as a cited article that is referenced by a citing article. For instance, Example 1 shows a sentence from a citing article which cites the articles (1, 2).
Example 1: "Ependymal cells form a continuous,
heterogeneous monolayered epithelium that lines the ventricular surface of the vertebrate brain and central canal of the spinal chord, separating the cerebrospinal fluid (CSF) from the brain parenchyma (1, 2) ." From [1] .
Citations are ubiquitous in scientific articles. For instance, in the TREC Genomics Track text collection [2] , which incorporates more than 160,000 full-text biomedical articles, we found an average of 34 citations in each article.
In biomedical literature, a citation may introduce background knowledge and related work, or interpret results and provide supports to infer new research hypothesis. A citation plays an important role for representing the semantic content of a full-text biomedical article, and as a result, citation information has been used to assist in biomedical text mining tasks (e.g., [3] [4] [5] [6] [7] [8] ). For example, two articles can be considered as "related" if they share a significant set of co-citations, and a recent study incorporating this model has shown it can improve information retrieval [3] . The number of times a citation is cited in a paper may indicate its relevance to the citing paper [4, 5] . Citances (that is, citation sentences) represent the condensed semantic content of the documents they identify [6, 7] and can be used to extract scientific fact [8] and for summarization tasks [7] .
Citation indexing has been used to associate citing articles with cited ones, and the associations have been used to create a Science Citation Index to measure the impact factor of scientific journals and articles [9] . Impact factor is used as a proxy for the importance of a journal or an article to its field [10] . However, citation indexes may be refined by providing the information on how an article is cited, whether the citing author argues or agrees with the cited one or whether knowledge or methods are cited.
A citation relation is a relation between two cited articles, or a relation between the citing article and the work cited. Example 1 shows that the cited articles "1, 2" provide the background information to the citing article. Example 2 shows a relation (in this case, a conflict relation) between two cited articles.
Example 2: "When the first mutants defective in subunit export were identified, it was assumed that the corresponding proteins functioned as components of the ribosomal subunit export machinery (Stage-Zimmermann et al. 2000) . However, as the numbers of such "export factors" has grown, it has become increasingly unlikely that they all function directly in subunit export (Stage-Zimmermann et al. 2000; …" From [11] .
There are many different reasons why an author decides to include a citation (e.g., the work of [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] ), and recognizing citation relations may benefit many text mining tasks. For instance, the positive evaluation presented by the authors in Example 3 (i.e., "groundbreaking work") could be used to refine citation indexes. Example 4 shows that a cited article can be used to provide the protocol of an experiment, which is in contrast to a case in which the cited article or articles are used for background knowledge, as in Example 1. Distinguishing between these different reasons for citing may assist in the tasks of information extraction and question answering. Example 5 shows a conflict relation between the citing article and the article cited, which, if captured, may benefit the task of fact extraction.
Example 3: "The groundbreaking work of Myers et al. (34) shows that experimental m values are proportional to the change in surface area on urea-induced protein unfolding." From [25] .
Example 4: "Ependymal primary cultures were prepared according to the protocol of Prothmann et al. (17) , which uses a simplified version of a previously described method (60)." From [1] .
Example 5: "The ability of RAD52-(218-418) to self-associate was unexpected. Previous studies have suggested that residues 65-165 define the exclusive self-association domain in the RAD52 protein (18) ." From [26] .
Our long term goal is to automatically identify citation relations and to incorporate the relations to improve biomedical text mining. This work reports our first step toward this goal. Toward this end, we investigated and classified citation relations in fulltext biomedical articles and developed a citation relation schema and an annotation guideline to assign each citation to its corresponding relations. We then conducted a pilot annotation on seven full-text biomedical articles. Here we report on the development of the annotation guideline, the annotation agreement, and the challenges that presented themselves in this development.
Background
The literature that categorizes the relations between the cited and the citing articles is rich [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Garfield (1965) pioneered 15 reasons why an author introduces a citation [6] , including paying homage to pioneers, paying homage to peers, providing background reading, and criticizing previous work. Moravcsik and Murugesan (1975) [20] classified the role of a citation along multiple dimensions, including conceptual (is the citation made in connection with a concept or theory?) or operational (is it made in connection with a technique used in the citing article?), and organic (is the citation truly needed for the understanding of the citing article?) or perfunctory (is the citation an acknowledgment that some other work in the same general area has been performed?). Chubin and Moitra (1975) [27] classified cited papers into several categories, including basic essential citation (the cited paper is declared central to the reported research; the reported findings depend on the cited paper), subsidiary essential citation (the cited paper is not directly connected to the subject of the letter or article but is still essential to the reported research), partial negational citation (the cited paper is erroneous in part, and the author of the citing paper offers a correction), and total negational citation (the cited paper is completely wrong, and the author of the citing paper offers an independent interpretation of the solution). Spiegel-Rosing (1977) [21] defined multiple general categories, including that the "cited source is positively evaluated." Hanney et al. (2005) [23] divided citations into four categories: limited, peripheral, considerable, and essential. See the review article [24] for details.
On the other hand, the work in automatic citation classification is limited. Garzone and Mercer [28] [29] [30] treated the citation classification as a task of sentence categorization. They extracted a sentence that incorporated citations and then applied manually curated lexical and grammar rules to assign the citations to one of 35 predefined categories. These categories included "citing work totally disputes some aspect of cited work," "citing work totally confirms cited work," and "citing work refers to assumed knowledge which is general background." More recently, Radoulov [31] built upon the work of Garzone and Mercer [28] [29] [30] It is unclear whether the two fine-grained citation schemas described above lead to consistent annotations. Some of the categories defined in [31] seem to overlap. For example, Confirms seems to overlap with Supports. General Background may be hard to distinguish from Specific Background. Furthermore, the generalizability of both automatic citation classifiers described above has not yet been determined.
Methods
Our citation relation identification is conducted with the goal of improving biomedical information retrieval. Most existing work defines a citation relation as a relation between a cited article and its citing article. In this study, we defined a citation as a relation not only between a cited article and its citing article, but also between cited articles; example 2 shows a conflict relation between cited articles.
To identify and define specific citation relations, we studied the citation categories proposed in previous studies [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [28] [29] [30] [31] before examining and annotating seven randomly selected full-text biomedical articles. We then refine this top-down citation schema through a bottom-up approach. Specifically, through an iterative process, we identified linguistic features, refined citation relations, and developed an annotation guideline for annotating citation relations. At each iteration, a biologist annotator (Agarwal) and a linguist annotator (Frid) independently annotated one full-text biomedical article. We measured overall agreement, which is defined as the percentage of agreed relations out of the total relations identified by the two annotators. We counted a group of co-occurring citations as one, rather than separating it into citation instances. For instance, "1,2" in Example 1 represents one citation. Figure 1 shows the citation relation schema. We define three different relations: 1) between the citing and the cited articles (e.g., Example 1), 2) between two cited articles (e.g., Example 2), or 3) between two propositions in one cited article. Example 6 illustrates a case of relation between two propositions in one cited article as marked by the cue phrase "however."
Citation Relation Schema
Example 6: "In that study he stated that those five species (E.
bennetti, E. helvola, E. luteola, E. seabrai, and E. tenuifasciata)
were very similar to each other and could be distinguished only by subtle differences in coloration (if any) and geographic distributions. However, in the same paper, he found that E. helvola and E. luteola share a synapomorphy (a shalow notch on the arms of the seventh sternum) which made them appear as sister groups, while E. seabrai, E. bennetti and E. tenuifasciata possess another apomorphic state of this character (a deep notch) and group together as another branch inside the leucopyga species-subgroup." From [32] .
A citation can represent knowledge (e.g., Example 1) or an experimental protocol (e.g., Example 4). A citation may incorporate author's comments. With respect to author's comments, we further defined categories including reported speech and discovery, epistemic modality, evaluation (the subcategories are positive, quantitative, and first to discover), adversative (the subcategories are contrast, conflict, specify, and obstacle), consistency and cause.
Reported speech is identified by attribution verbs (e.g., "report" and "describe") and verbs of discovery (e.g., "identify" and "discover"), an example is shown in 7.
Example 7: "In 1990, Fearon and Vogelstein (1) reported that at least nine chromosomal alterations were found in up to 50% of colon adenocarcinomas in humans." From [33] .
Epistemic modality indicates the degree of the speaker's certainty that the proposition is true. Examples of modality markers are modal verbs (e.g., "can," "may," "might"), attribution verbs (e.g., "hypothesize") and adverb (e.g., "probably").
Evaluation is assigned if the author of the citing paper makes an evaluative remark (positive as shown in Example 3). Lexical cues such as "numerous studies" or "extensive research" identify quantitative evaluation, as shown in Example 8. An example of first to discovery is 9. Example 9: "Schwab and his colleagues (1) were the first to discover a potent growth inhibitory activity in the CNS, and to show that much of this inhibitory activity is associated with myelin." From [35] .
Adversative include contrast, conflict, specify, and obstacle. Contrast indicates that one has a property, while the other does not have. Contrast is assigned to contrasting features of different objects. Conflict assigns opposing opinions. Specify (e.g., Example 10) means that the citing author (or another cited author) does not entirely deny but rather specifies what is claimed in the cited paper, i.e., states under which conditions the cited idea is true. Obstacle (e.g., Example 11) indicates that a situation in a cited article faced some obstacle.
Example 10: "When the first mutants defective in subunit export were identified, it was assumed that the corresponding proteins functioned as components of the ribosomal subunit export machinery (Stage-Zimmermann et al. 2000). However, as the numbers of such "export factors" has grown, it has become increasingly unlikely that they all function directly in subunit export…." From [11] .
Example 11: "We and others argued that it should be possible, in principle, to use digital PCR to create a universal, polymorphismindependent test for fetal aneuploidy by using maternal plasma DNA (17) (18) (19) , but because of technical challenges relating to the low fraction of fetal DNA, such a test has not yet been practically realized." From [36] .
Consistency indicates similarity in results or protocol. Cause value is used when a proposition in the cited text serves as a cause for the proposition in the citing text. Examples of two categories are shown below, respectively.
Example 12: "These findings suggest that the majority of cellfree DNA in the plasma is derived from apoptotic cells, in accordance with previous findings (22, 23, 25, 26) ." From [36] .
Example 13: "Because islets are particularly prone to injury during inflammatory conditions (4), the functioning islet mass rapidly decreases after transplantation before antigenic recognition (5) ." From [37] . 
Annotation Results
Figure 2: The distribution of annotated citation relations in seven articles.
Figure 3:
The overall agreement in A, B, C categories specified in Figure 1 .
We annotated a total of seven full-text biomedical articles. The number of citation relations that were assigned between cited or between citing and cited in seven articles was 404, and the two annotators assigned 1,428 relations in total. Figure 2 shows the distribution of citation relations in those seven articles. We did not find cases of certain citation relations (e.g., relation between two propositions in one cited article). Out of the total 1,428 assigned relations, two annotators agreed on 1,013. The overall pairwise agreement was 0.71. Figures 3 and 4 show the annotation agreement in seven articles that were annotated over time. The results show that the best agreement (>0.9) was attained when identifying whether a relation was between the citing and the cited articles or between two cited articles. As shown in Figure 4 , the agreement of annotators on relations between the citing and the cited has the highest agreement (close to 1), while the agreement of relations between the cited can be blurred (the agreement was 0 in 4 out of 7 articles). We found a consistent annotation agreement in relation to knowledge (>0.75). The agreement in relation to experimental protocol ranges from 0.4 to 0.8.
The category of author's comments yields the worst agreement (0.4-0.7). When we broke down each subcategory, we found that no author's comments, reported speech and discovery and consistency yielded more consistent and better agreement (0.2-0.9) than cause, modality, positive evaluation, contrast, quantitative evaluation, specify and conflict.
Discussion and Future Work
As shown in Figure 4 , we found that the overall annotation agreement of between the citing and cited was consistently high (>0.9), while the agreement of between cited was low. The reasons were threefold:
(1) the number of relations was low (26 out of the total 404 citation relations), (2) the annotation schema may need to be further refined, and (3) the annotation requires the understanding of discourse relations, which is a challenging task because of the ambiguity of biomedical text.
In comparison with Garzone and Mercer [28] [29] [30] or Radoulov's citation schema [31] , our citation schema is more simplified and intuitive, and therefore easier to annotate. Even so, we found that annotating certain relations (e.g., cause and quantitative evaluation) suffered from a low number of occurrences and poor agreement, even after successive iterations. We speculate that agreement could be improved as we annotate more articles and continue to refine the annotation schema. Figure 3 shows that the agreement of annotators on parameter A, which establishes relation between citing and cited articles, was high (close to 1), while the agreement for parameter C, which concerns author's attributions, was low (about 0.5). The results also show that the annotations in most author's comments subcategories were challenging. For example, Example 13 was annotated by NF as specify and SA as contrast. Again, we plan to further simplify the annotation schema to improve consistency. In addition, we plan to rely on linguistic cues for determining relations.
Example 13: "Although AAT inhibits caspase-3 in a rat beta cell line (39), an antiapoptotic function of AAT per se is probably incapable of inducing tolerance, because global inhibition of apoptosis during an inflammatory and/or immune response would promote an expanded reactive T cell population. We therefore suggest that AAT can be considered for testing in human islet transplantation." From [37] .
Citation scope (i.e., the exact boundaries of a citation) is also a challenging task in annotation. In our annotation, we assign the citation sentence as the scope of the corresponding citation. However, such simplification has its cost. In many cases, the citation scope is ambiguous. Example 14 shows that the scope can be the whole sentence or just a proposition (brackets stand for citation boundaries). In future work we will continue to refine our annotation guideline, conduct evaluation on a larger scale, and resolve such challenges for annotation, as ambiguity and scope. It is our long term goal to develop an automatic citation relation identification system. 
